INTRODUCTION
After decades of neglect, recent empirical research on exaggerated female traits (e.g., ornaments, armaments, aggression, acoustic signals, etc.) has revived interest in this widespread but poorly understood phenomenon, and shown that these traits often function in the context of femalefemale competition (West-Eberhard, 1983; Amundsen, 2000; Clutton-Brock, 2009; Rosvall, 2011a; Stockley and BroJørgensen, 2011; Rubenstein, 2012 [Theme issue ]; Stockley and Campbell, 2013 [Theme issue] ). However, recent reviews have emphasized the applicability of sexual vs. social selection, rather than rigorously examining the role of different ecological contexts in shaping the evolution of traits used in competitive contexts (hereafter, "competitive traits") in females. Thus, we still lack a solid understanding of the ecological and evolutionary mechanisms driving the evolution of female trait expression, in particular whether, how, and why these mechanisms vary among species, and between the sexes.
It is our opinion that two critical issues impede our understanding the evolution of competitive traits in females.
(1) The field has yet to investigate the ecological and evolutionary mechanisms that underlie interspecific and intersexual variation in the expression of these traits. This is perhaps due to a perceived "apples and oranges" problem stemming from the observation that animals compete over a wide variety of resources that vary by species or sex. However, by focusing on the relationships between fitness currencies and the resources over which animals compete, we can empirically compare the strength and direction of selection across species and sexes. (2) To date, research has primarily focused on the fitness costs or benefits of female competitive traits. As with many questions in behavioral and evolutionary ecology, quantifying how costs and benefits interact is essential to furthering our understanding of the evolution of competitive traits. Here, our goal is to draw attention to these solutions in order to spur more efficient and transformative progress.
APPLES vs. ORANGES: THEY'RE BOTH FRUIT!
One of the biggest perceived difficulties in understanding the diversity of competitive traits is the challenge of contrasting species and sexes that differ in the nature of resources over which individuals compete, i.e., mates (sexual selection) vs. "ecological resources," such as nest sites, territories, or dominance rank (social selection) (WestEberhard, 1983; LeBas, 2006; Rosvall, 2011a; Stockley and Bro-Jørgensen, 2011; Tobias et al., 2012) . Further, animals may compete over resources that vary in quantity or quality. Understanding how this competition influences the evolution of competitive traits across species, sexes, mating systems, ecologies, and life histories requires a renewed focus on fitness currencies that are directly comparable across these groups and contexts.
Sexual selection research has a long history of assessing selection on competitive traits in males by relating the number of mates to the number of offspring, i.e., the Bateman gradient (Bateman, 1948) , and using these gradients to understand interspecific variation in the expression of sexually selected traits. While Bateman gradients have been applied to females (see Gerlach and Ketterson, 2013) , they may be of limited utility when female productivity is limited by access to ecological resources, rather than mates. As several authors have suggested, mates are just one type of resource, and other forms of social competition can favor the expression of competitive traits (West-Eberhard, 1983; LeBas, 2006; Clutton-Brock, 2009; Rosvall, 2011a; Stockley and Bro-Jørgensen, 2011; Cain and Ketterson, 2012; Tobias et al., 2012) .
By extension, we can generate modified gradients that relate resource acquisition to reproductive success or survival, in a sex and resource neutral manner (Figure 1 , top panels). This approach allows us to quantify the selection gradient on competitive traits in relation to any resource, including but not limited to mates. In doing so, we can contrast the strength and direction of selection among species or between the sexes. The utility of these gradients clearly depends on measures of fitness that transcend species differences in the nature of competition. The benefits of female-female competition may not be fully captured by some immediate proxies of fitness, e.g., the number of mates or eggs (Clutton-Brock, 2009; Stockley and Bro-Jørgensen, 2011; Tobias et al., 2012) , in part because certain benefits may accrue over longer time periods FIGURE 1 | Top Panel: Contrasting traditional selection gradients in relation to mate number (i.e., Bateman gradients, left) and modified selection gradients in relation to resource quantity or quality (right). The number of mates may predict female reproductive success in some species (e.g., polyandrous species, left panel; solid line), but generally there is no such relationship (left panel; dashed line), and female-female competition is therefore presumed to have little benefit. In contrast, the right panel depicts modified gradients, i.e., the relationship between reproductive success and resource acquisition. Species with different ecologies or life histories are now represented by a series of dashed lines. The dotted line could represent species where females compete for resources that vary in quality, or resources that influence offspring survival or success (e.g., oviposition sites or breeding territories). The steep dashed line could represent species where female competition influences many components of survival and reproductive success (e.g., competition for rank), or species where there are clear winner and losers (e.g., nesting cavities). The shape of these lines reveals that competition for resources may be advantageous even when there is little reason for mate competition. Bottom panel: Interactions between costs and benefits: Costs (black) and benefits (gray) interact to influence the optimal level of trait expression, i.e., the point where net benefits are maximized (asterisks or stars). In each panel, there are two species or populations that experience equivalent fitness benefits from increased trait expression, but different costs, and trait expression differs accordingly. In both cases, it is the interaction of costs and benefits-rather than either in isolation-that determines whether the optimal level of trait expression is low (asterisk) or high (star). Benefit and cost curves might also be separately assessed in relation to survival and reproduction (not shown), allowing insights into how trait expression affects different components of fitness.
(e.g., enhanced offspring rank or survival). Forward progress will thus require that we prioritize the difficult task of accurately measuring lifetime reproductive success or grand-offspring production. When these common currencies are used in the modified gradients in Figure 1 , we can characterize the true effects of competition, and the field will be well poised to better understand how competitive traits evolve.
QUANTIFYING BENEFITS AND COSTS
Costs are central to many concepts in behavioral and evolutionary ecology, including the evolution of competitive traits (Zahavi, 1975; Hamilton and Zuk, 1982; Andersson, 1994) . Indeed, the presumed (large) magnitude of these costs is a major reason why female competitive traits were historically assumed to be non-functional (see Amundsen, 2000; Tobias et al., 2012) . In contrast, recent work has emphasized benefits without considering costs, leaving an empirical gap regarding the relative roles of costs vs. benefits and survival vs. reproductive success in driving trait expression. Explicit consideration of both costs and benefits is a fundamental approach in evolutionary ecology, and it is necessary for decomposing selection gradients to understand why competitive traits are favored or disfavored.
By examining how costs and benefits interact, it becomes apparent that exaggerated trait expression may be the result of large fitness benefits, or modest benefits paired with low costs (Figure 1, bottom panel, stars) . Similarly, low levels of trait expression may be due to high costs, or moderate costs paired with low benefits (Figure 1, bottom panel, asterisks) . Whether costs temper trait expression in females in a manner similar to males, and the extent to which female competitive traits are truly costly will remain open questions until this approach is put to greater use (see Simmons and Emlen, 2008; Bell et al., 2011; Rosvall, 2011b; Cain and Ketterson, 2013) . Further, measuring these costs and benefits in the context of survival and reproduction in females from diverse species will reveal how variation in female life history and ecology alters these selective forces. Because females often compete for ecological resources that may increase survival, natural and social selection may often be aligned, rather than in opposition, as is frequently the case in males.
MOVING FORWARD
Regardless of whether females express competitive traits due to sexual selection or social selection (Clutton-Brock, 2009; Rosvall, 2011a; Tobias et al., 2012) , a clearer understanding of the evolution of competitive phenotypes will emerge when we focus on the fitness consequences of competition, independent of the nature of the resource over which individuals compete. Further, examining the relationship between costs and benefits will provide insights that cannot be achieved by examining either alone.
Forward progress on these issues will shed light on fundamental questions in evolutionary biology. For instance, how will environmental change affect expression of competitive phenotypes? As the climate changes and species distributions shift, changes in resource availability might alter the benefit curve, while changing predator or disease regimes might modify the cost curve, altering population dynamics, mating systems, and ultimately phenotypic evolution. Further, our approach may uncover why females
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July 2014 | Volume 2 | Article 32 | 2 express particular forms of competitive traits but not others. Might the prevalence of aggression, ornaments, or vocal signals and the relative rarity of armaments in females (Tobias et al., 2012) relate to the costs of particular trait modalities? While benefits may determine whether and to what extent females express any competitive trait, the costs associated with different life histories or habitats may be more important for shaping trait modality. These are critical empirical questions that can be assessed by incorporating the perspectives described here.
